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25 April 2017 

Dr Tiago Villanueva 

Research Editor, The BMJ 

 

Dear Dr Tiago Villanueva, 

 

Childhood intelligence in relation to major causes of death: 68 years of follow-up of Scotland’s 

whole 1936-born population (MS ID: BMJ.2016.037184) 

 

We are very grateful to you and your BMJ editorial team, along with the six independent reviewers, 

in providing the range of expert comments on our manuscript.  

We are delighted to have been offered the opportunity to respond to these and to enhance our 

manuscript accordingly.  In doing so, at the referees’ request, we have computed substantial new 

analyses.  

The comments were extensive, and after responding to each of these, our manuscript has increased 

in length. Two substantial additions to the study include: 1) a sensitivity analyses of a subsample of 

the total cohort, which has background data on childhood socioeconomic status and physical 

indicators, with which to test formally for potential confounding, as was requested; and, 2) a 

replication sample from Scotland, of a similarly-aged birth cohort, and followed to older adulthood, 

in which data on smoking and adult socioeconomic status were available to test for mediation 

effects, as requested.  

We have been motivated to make these extensive revisions given the positive feedback from the 

majority of reviewers and manuscript committee members. Importantly, the revision has not led to 

changes to our overall findings or the majority of discussion points; we judge that the additional 

analyses conducted provide validity to the original findings. We have added an additional author—

Geoff Der—because he did the analyses of, and wrote the relevant text related to, the Twenty-07 

study that we used for validation. 

Please find below our response to each of the comments that raised an issue with the original 

manuscript, or required an individual response. We have repeated material where comments from 

different reviewers have raised a similar point, rather than cross-referenced our answers. 

We look forward to hearing from you soon. 

 

Yours sincerely,  

 

Catherine Calvin, PhD 

pp. co-authors 
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**Report from The BMJ’s manuscript committee meeting** 

 

These comments are an attempt to summarise the discussions at the manuscript meeting. They are 

not an exact transcript. 

 

Members of the committee were:  

Elizabeth Loder (chair), Richard Riley (statistician), Amy Price, John Fletcher, Tiago Villanueva, Daoxin 

Yin, Tobias Kurth (Clinical Epidemiology consultant editor, written comments) 

 

First, please revise your paper to respond to all of the comments by the reviewers. Their reports 

are available at the end of this letter, below. 
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Responses to Committee Members and Reviewers:  

 

Committee Member 1 

 

1. I found this quite fascinating, but at the end I was left wondering what it really all means. And I 

was not overly convinced by the analysis, mainly because of the limited confounders, and the 

wealth of results presented.  

Response: We realised our aim of presenting relationships between childhood intelligence and 

all lifetime leading causes of death was ambitious.  We think this is valuable due to the unique 

opportunity presented by this large, almost-complete national birth cohort, with 65+ years of 

follow-up to death from the age-11 intelligence test scores. Given the now well-established 

association between childhood intelligence and all-cause mortality, crucially, our primary 

analysis addresses the question of which specific causes generate this association. Our 

secondary analyses address two questions that have been posed in the literature on all-cause 

mortality but not so far answered for specific causes, namely: is the relationship linear 

throughout the range of intelligence scores, and are there sex differences in the association.  

The combination of these three questions with multiple specific causes of death do lead to a 

wealth of results; we judge that all of these will be of interest to both a general readership and 

researchers in the relevant fields. We have followed the recommendations of Matthew 

Redelings and colleagues (1) in presenting results for both underlying causes of death and 

multiple causes of death. However, most of this duplicated material is relegated to appendices. 

To specifically address the issue of poor adjustment for confounding, raised by several 

editors and reviewers in appraising our study, we have made the following additions to the 

paper: 

• Firstly, in sensitivity analyses we have repeated our main analyses controlling for school, by 

allocating each a unique number, and including these as strata in fixed effects models. We 

detail the subsequent changes to the manuscript in our response to comment #4 below. 

School could be considered a proxy indicator of background socioeconomic status according 

to evidence from the Aberdeen Children of the 1950s study (2). Its inclusion has led to little 

attenuation of the intelligence-cause of death associations.  However, because this is only a 

proxy for background socioeconomic status, and because it could lead to over-controlling 

because some schools select on cognitive ability, we undertook further sensitivity analyses, 

as described next.  

• In the Discussion section of the original manuscript we referred to a representative 

subgroup of people (N=5083) in the SMS1947 who had detailed information on early life 

circumstances.  In these analyses, background socioeconomic status indicators were not 

seen to confound the association between childhood intelligence and cardiovascular disease 

subtypes (currently unpublished work). Due to the importance of this issue in validating our 

main findings, we have now introduced sensitivity analysis of this representative sub-sample 

into the revised manuscript’s Results section. Their numbers allow us to report on 

associations between childhood intelligence and deaths related to CVD, cancer, smoking-

related cancer, respiratory disease, digestive-system disease, and, external causes after 
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more extensive adjustment for potential confounders. Consistent with our summary of the 

literature  on confounder-adjusted models of the intelligence-mortality association (3), we 

observed only modest evidence of attenuation after three socioeconomic status indicators 

(paternal occupational status, home overcrowding, and school absenteeism), as well as 

height and physical disability, were added to the multivariable model.   

We comprehensively list here the changes to the manuscript resulting from these additional 

analyses: 

i. In the abstract, the following is added to Results section: “Sensitivity analyses on a 

representative subsample of the cohort observed only small attenuation effects (by 10 to 

26%) on controlling for potential confounders, including three childhood socioeconomic 

status indicators.” 

ii. A third aim of the study is included at the end of Introduction: “Thirdly, it conducts 

sensitivity analyses to test for some possible mechanisms of association, including 

confounding and mediation by socioeconomic status.”       

iii. Near the end of the Methods section we include a new paragraph entitled “Confounder-

adjustment: subgroup analyses.” 

iv. At the end of the Results we have summarised the findings of subgroup analysis under 

“Sensitivity analyses: assessment of potential confounding.”       

v. In the first paragraph of the Discussion, the results are summarised as follows: “In a 

representative subsample with additional background data, there was evidence that 

childhood socioeconomic status and physical status indicators had no more than a 

modest confounding impact on the observed associations.” 

vi. In the ‘Strengths and weaknesses’ section in the Discussion, we have edited the first 

paragraph to refer to the subsample analysis, in particular inserting the following: “In 

our own analysis of a representative subsample of the Scottish Mental Survey 1947, 

three indicators of background socioeconomic status, which are significant correlates of 

intelligence test scores, explained a quarter or less of any of the intelligence-cause 

specific mortality associations. This is consistent with the literature that has reported…” 

vii. In the ‘Explanation and implications’ section of the Discussion we allude to the findings 

in relation to respiratory disease-deaths: “Childhood intelligence test performance was 

most strongly associated with respiratory disease deaths. This might be attributable to a 

combination of smoking prevalence and occupational-related exposures. For many in this 

birth cohort, those in the working classes spent their early careers in mining and 

shipbuilding industries (men) or as cleaners and factory workers (women). Therefore, it is 

possible that, with the decline of smoking rates and toxic exposures in the workplace, the 

magnitude of IQ-death associations may be lower in more recent birth cohorts. 

Nevertheless, when we adjusted for background social class in our subgroup analyses, 

and controlled for smoking and adult occupational status in our replication study, the risk 

of respiratory-disease deaths in relation to intelligence scores was only partially 

attenuated (by 12% and 33% respectively).” 

viii. In Supplementary Materials we have a new section detailing the methods of the 

subsample (“The 30-Day Sample: A representative subsample of the Scottish Mental 

Survey 1947”)                                  

ix. Supplementary Table 4 displays the hazard ratios for specific causes of death in 

association with intelligence with adjustment for potential confounders.    

 

2. “Exclusion based upon missing data were predominantly due to missing intelligence test scores, 

which affected 4734, or 6.3% of the total 1936 Scotland birth cohort, which has previously been 
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reported (22,28).” – This is quite a large number, and I would have rather expected multiple 

imputation to have been considered.  

Response: Firstly, please note that we have corrected our proportion of missingness to be 6.8% 

of the total 1936 cohort (n=5103). The proportion of missing test score data reflects the number 

of absentees from school on the day of the intelligence test in 1947. Relative to other 

comparable birth cohort studies, participation by 93.2% of the target sample is, by any standard, 

extraordinary.  We have discussed multiple imputation and concluded this would be ineffective 

because of insufficient information with which to impute intelligence in the full study sample 

(e.g. sex, age at testing, school ID). Instead we have assessed the impact of missingness using a 

subsample of the SMS1947, the “6-Day Sample”. This representative subsample was affected by 

the same degree of missingness on the group-administered Moray House Test in the Scottish 

Mental Survey 1947, whereas all of its 1,208 members completed an additional intelligence test 

that was individually-administered. In short, we have concluded that missingness was not a 

cause of selection bias in our main results, because it was not seen to affect the magnitude of 

the IQ-death association in this subsample. We have made the following changes to the 

manuscript: 

• In the ‘Statistical Analysis’ section we have included the following: “We addressed whether 

6.8% missingness on the intelligence test in the SMS1947 caused selection bias to affect the 

magnitude of the intelligence-mortality association. We conducted sensitivity analyses using 

a representative subsample (1.6%; N=1206) of the SMS1947, the so-called ‘6-Day Sample’ 

(25,37,38). This subsample was affected by a similar degree of missingness as the whole 

SMS1947 on the MHT; however, they all took an individually-administered intelligence test.” 

• We have added a new section to the Results entitled ‘Sensitivity analyses: assessment of 

selection bias caused by missing intelligence test data’, which summarises the findings and 

refers to supplementary materials for the results. 

• We have added a section entitled “Sensitivity analyses: Assessing selection bias in relation to 

missingness in the 6-Day Sample, a representative subsample of the Scottish Mental Survey 

1947” to Supplementary Materials, which gives the details of these analyses. 

 

3. 3657 with a missing cause of death were excluded (Figure 1). But isn’t this losing valuable 

information follow-up information up to the actual date of death? Indeed, Figure 3 reports the 

HR for all causes of death … How were missing data handled for adjustment factors? 

Response: Thank you for this recommendation. We have now included in all models those 

participants who had died but for whom cause of death data were not made available, and so 

the analytic sample has increased from 62 169 to 65 765. This has essentially made no change to 

HRs and their confidence intervals, except for a negligible change in HRs for risk of all-cause 

mortality in association with childhood intelligence. The resulting changes to the manuscript are 

listed directly below. There were no missing data for the adjustment factors (i.e. age and sex), 

and so imputation was not considered: 

• In the Statistical Analysis section, the first sentence (originally: “The analytic sample includes 

62 169 sample members who were linked to mortality records and who had no missing 

cognitive data, a census date, and cause of death data”) has been changed to:   

“The analytic sample includes 65 765 sample members who were traced for linkage to 

mortality records and who had a census date (see next paragraph for definition) and an 

intelligence test score from 1947.”  
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• Figure 3 has been edited to show the effect size for all-cause mortality in association with 

childhood intelligence for the model where all deaths were included. This has made 

negligible difference to the effect estimate and confidence interval, but the number of 

deaths has increased from 22,368 to 25,979. 

• Supplementary Figure 1 (the companion to Figure 3, which models underlying causes only) 

has similarly been edited.  

• Figures have been edited in the text, figure 1, and tables, to reflect this increase in analytic 

sample size (e.g. Abstract and Figure 1 

 

4. Limited adjustment factors (just age and sex).  

Response: We have taken the referee’s advice of controlling for school in sensitivity analyses of 

the main models, and have adjusted the manuscript accordingly. In essence these additional 

analyses showed little attenuation effects to the HRs. The following changes have been made: 

• In Statistical Analysis a new section has been added entitled ‘Confounder-adjustment: 

controlling for school’, which details the analytic methods for these sensitivity analyses. 

• In Results a new section has been added entitled ‘Sensitivity analyses: assessment of 

potential confounding’, and the first paragraph of this gives a summary of the Results 

• In the Strengths and Weaknesses section of the Discussion we have included the following 

two sentences: “In our own analysis of the whole SMS1947, adjusting for school led to little 

attenuation of the intelligence-mortality associations. However, because this is only a proxy 

for background socioeconomic status, and because it could lead to over-controlling because 

some schools select on cognitive ability, we undertook further sensitivity analyses”. 

• In Supplementary Materials we have added two forest plots to show the HRs and 95% 

confidence intervals for major causes of death (figure 3) and deaths related to cancer 

subtypes (figure 4), in association with childhood intelligence while adjusting for school. 

In addition, we have conducted analyses of a subsample of the cohort (’30-Day Sample’) to allow 

us to assess the intelligence-death associations upon adjusting for childhood covariates, which is 

detailed on our response to comment #1. Furthermore, we have introduced analysis of a 

replication sample – similar to our own in terms of demographic, birth cohort age, and age at 

follow-up. This sample has enabled us to assess the associations while adjusting for adult 

smoking, socioeconomic status, and self-reported health. Much of these additional analyses 

have been relegated to the Supplementary materials section, however we have included two 

new short sections in the Methods section describing these respective samples, and, two new 

paragraphs in the Results section, explaining their main results. These sensitivity analyses are 

also referred to in several other places throughout the manuscript.   

 

5. How was censoring defined? E.g. in an analysis of cancer deaths, what would happen if a patient 

had a CVD death?  

Response: Censoring has been defined in the second paragraph of Statistical analysis, as follows: 

“In these survival analyses, the time scale was calendar time (days) from the date of the 

intelligence test (4th June 1947) to the earliest of: (i) date of death (any cause); (ii) latest posting 

date (for migration or Armed Forces entrants); or (iii) 31st December 2015”. However, in order 

to be clearer and explicit we have added the following proceeding sentence: 
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• “Members who died from a different cause to that being modelled were included in the 

denominator (persons at risk) and censored at date of death, as is standard practice in 

epidemiological analyses”. 

 

6. I am not happy about the many analyses being given, and then the further evaluation of 

interactions with sex. These are not consistent across all diseases, and I am not sure where it 

leaves us. e.g. Abstract say: “Among the study’s novel findings are evidence for stronger 

associations among women than men for smoking-related cancers, respiratory disease, and, 

dementia.” – I would give some results, or remove this.  

Response, part a: To address the issue of multiple testing in our study we have made False 

Discovery Rate correction of the significance values of all models. The following changes have 

been made: 

• At the end of the ‘Statistical analyses’ section we have included the following: “Finally, to 

adjust for multiple testing, using R (39), we made False Discovery Rate correction to 

significance P-values resulting from all models (40), and report on statistically significant 

models (p<.05) that fail this correction.” 

• In the Results we need only to refer to FDR correction once, in 3
rd

 paragraph: “except for 

non-smoking-related cancer deaths (0.96; 0.93 to 1.00)─the statistical significance of this 

latter effect did not survive FDR correction.” 

Response, part b: Sex-specific analysis was one of our secondary aims of the study (which we 

have now made explicit in the Introduction), and therefore we think it is appropriate to mention 

these in the Abstract. However, we have removed the sentence beginning “Among the study’s 

novel findings…” with the following, which we think better represents these analyses: 

• “In sex-specific analyses the above inverse associations were observable in both men and 

women”. 

 

7. Also, “One exception was for deaths by intentional self-harm, which were inversely associated 

with childhood intelligence in men (0.80; 0.66 to 0.96) but not women (1.15; 0.82 to 1.60), 

although the sex interaction effect in a model for the total sample failed to reach statistical 

significance (P = 0.06) likely due to low case numbers among women.” – so the authors are 

saying don’t worry this really is genuine, it was only because of the low numbers. Not good.  

Response: Thank you for pointing out this weakness. We have now removed the following part 

of the sentence from the Results section: “although the sex interaction effect in a model for the 

total sample failed to reach statistical significance (P = 0.06) likely due to low case numbers 

among women”. 

8. “Non-smoking-related cancer deaths were unrelated to childhood intelligence (0.96; 0.93 to 

1.00).” I don’t agree with the language used here, as most of the CI is below 1.  

Response: Thank you. We have changed this to: “Weak associations were apparent for suicide 

(0.87; 0.74 to 1.02) and non-smoking-related cancer deaths (0.96; 0.93 to 1.00), and their 

confidence intervals included unity.” 

 

------------------------------------- 
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Committee Member 2  

 

1. Without control for social class, SES or such, the finding is not valid to me. This is crucial and will 

lead to substantial critique if we publish this like this.  

Response: We have taken a number of steps to address the issue of controlling for social class: 

(1) we adjust for school in sensitivity analyses of the full SMS1947; (2) we adjust for three 

childhood socioeconomic status indicators in sensitivity analyses of a representative subgroup of 

the birth cohort, on whom we have these data; (3) we adjust for adult socioeconomic status in a 

replication sample to assess potential mediation. Essentially, these additional analyses have not 

changed our main findings as presented in the original manuscript. However, we hope they are 

viewed as an improvement to the article. The following summarise the main changes resulting 

from these analyses: 

 

• In Statistical Analysis a new section has been added entitled ‘Confounder-adjustment: 

controlling for school’, which details the analytic methods for these sensitivity analyses. 

• In Results a new section has been added entitled ‘Sensitivity analyses: assessment of 

potential confounding’, and the first paragraph of this gives a summary of the Results 

• In the Strengths and Weaknesses section of the Discussion we have included the following 

two sentences: “In our own analysis of the whole SMS1947, adjusting for school led to little 

attenuation of the intelligence-mortality associations. However, because this is only a proxy 

for background socioeconomic status, and because it could lead to over-controlling because 

some schools select on cognitive ability, we undertook further sensitivity analyses”. 

• In Supplementary Materials we have added two forest plots to show the HRs and 95% 

confidence intervals for major causes of death (figure 3) and deaths related to cancer 

subtypes (figure 4), in association with childhood intelligence while adjusting for school. 

• At the end of Methods we include new sections entitled “Confounder-adjustment: subgroup 

analyses” and “Adjustment for adult socioeconomic status and smoking: a replication 

sample.” 

• At the end of Results we have summarised the new findings in sections entitled “Sensitivity 

analyses: assessment of potential confounding” and “Sensitivity analyses: assessment of 

mediation.”       

• In Supplementary Materials we have a new section detailing the methods of the subsample 

(“The 30-Day Sample: A representative subsample of the Scottish Mental Survey 1947”)                                  

• In Supplementary Materials we have a new section detailing the methods of the replication 

sample (“The West of Scotland Twenty-07 study: A replication sample”)                                  

• Supplementary Figure 3 illustrates a comparison of effect sizes for intelligence in association 

with leading causes of death between those of the main sample and the replication sample           

• Supplementary Table 5 displays the hazard ratios for specific causes of death in association 

with intelligence, in models adjusting for adult smoking and socioeconomic status.       

                                                                                    

2. Is cause of death in Scotland reliably coded? This should caution strong conclusions.  

Response: The validity of death certificate coding is likely to be influenced by age at death and 

pathology practises during the time period a record was made. Furthermore, validity of records 

may vary across national systems for mortality records (e.g. National Records of Scotland versus 

Office of National Statistics). Certain causes of death that have been problematic in their under-
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reporting in the past include stroke, dementia, and suicide. We think that under-reported causes 

of death would act to weaken the effect sizes we observe in the present study, and so, with 

increased accuracy of records, we would expect more robust findings in terms of narrower 

confidence intervals. We have addressed the issue of under-reported suicide in response to 

Reviewer 4, by conducting additional analyses using ‘open verdict’ as a proxy for suicide, and 

have found that the magnitude of effect in association with childhood intelligence is 

strengthened and confidence intervals narrowed. Given that you have raised this important 

point, we now refer to it in the Discussion under ‘weaknesses’: 

• “Another factor affecting validity of findings is historical inaccuracy of death certificates. 

Particular causes of death, which may be underreported by coroners include dementia (49), 

stroke (50) and suicide (37). Therefore, we judge that the greater chance of false negatives 

relative to false positives in the present study would act, if at all, to slightly attenuate the 

observed effect sizes. Indeed, in further analyses, including ‘open verdict’ deaths in the 

suicide model increased the hazard ratio and narrowed its confidence intervals”.     

 

3. They say the effect is stronger in women but I have not seen a formal test for effect modification 

(unless I missed it).  

 

Response: As reported in the original version of the manuscript, we formally tested for 

interaction effects by sex for the childhood intelligence-mortality relation and we describe these 

findings in the Results section (i.e. 4
th

 paragraph, Results: “…sex interaction effects were 

computed with childhood intelligence in the total sample (see Supplementary Table 2)”. We also 

have this in the last paragraph of the Results: “Sex-specific effects of specific-cancer related 

mortality in association with a one SD advantage in childhood intelligence were estimated, as 

well as sex interaction effects in models containing the total sample (see Supplementary Table 

3).”  However, we did not mention these in Methods, and so we have included in the final 

sentence of the ‘Statistical analysis’ the following:  

 

• “With the suggestion that some intelligence–death associations are modified by gender, we 

formally tested for sex differences by including an interaction term (Sex X Intelligence Score) 

in models predicting cause of death. We then produced effect estimates separately for men 

and women.” 

 

4. Far too many tests conducted without any clear a priori hypothesis. So most test appears to be 

hypothesis generating and adjustment for multiple testing should be considered. 

Response: Thank you for making this point. We would agree with the comment that the results 

of our main analysis are largely descriptive and hypothesis generating. To account for multiple 

testing we have now made False Discovery Rate correction of the significance values of all 

models, and the following changes have been made: 

• At the end of the ‘Statistical analyses’ section we have included the following: “Finally, to 

adjust for multiple testing, using R (39), we made False Discovery Rate correction to 

significance P-values resulting from all models (40), and report on statistically significant 

models (p<.05) that fail this correction.” 

• In the Results we need only to refer to FDR correction once, in 3
rd

 paragraph: “except for 

non-smoking-related cancer deaths (0.96; 0.93 to 1.00)─the statistical significance of this 

latter effect did not survive FDR correction.” 
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Furthermore, we have made our aim in the Introduction section more explicit. The new text 

reads: 

“The present study aims to investigate the magnitudes of association between childhood 

intelligence and all major causes of death, using a whole year-of-birth population followed up to 

older age, therefore capturing sufficient numbers of cases for each outcome. Secondly, it aims to 

investigate sex differences in the associations. Thirdly, it conducts sensitivity analyses to test for 

some possible mechanisms of association, including confounding and mediation by 

socioeconomic status.”    

------------------------------------- 

Committee Member 3  

1. One editor wondered what an IQ test performed in 1947 has in common with an IQ test in 2017.  

Response: Thank you for raising this. There are several reasons why we are confident in the validity 

of the intelligence test used in the present study. Firstly, in 1947 the SMS1947 tested over 1000 

children on the Terman-Merrill revision of the Binet test and found a correlation of about 0.8 with 

the Moray House Test (MHT) (4). Secondly, when the MHT was given to participants of the SMS1947  

in their 70s, the age 11—70s correlation was about 0.7 (5). Thirdly, the correlation at age 79 

between the MHT and Raven’s Progressive Matrices (one of the most widely-used non-verbal 

reasoning tests) is about 0.7 (6). Therefore, the test has high life-long stability of individual 

differences, and it has concurrent validity in childhood and older age. We have now provided more 

information on the psychometric properties of the Moray House Test no 12 in the Methods section. 

In the sentence beginning “The Moray House Test No. 12 had good concurrent validity…” we have 

added the following: 

“… with performance on Raven’s Progressive Matrices —a widely-used non-verbal ability test—

(correlation coefficient ~=0.7) in a recent follow-up study (32). The test has high life-long stability of 

individual differences (33,34), and there is good evidence for its external validity across several 

studies (28,35,36).” 

 

2. While he acknowledged that reviewers are supportive, he didn’t see any clinical impact of this 

paper.  

Response: The aim of these analyses was to assess the capacity of a childhood characteristic, in 

this case intelligence, to predict death outcomes up to 68 years later.  The strong effects seen 

indicate that measured IQ may contribute to the future burden of disease and this is likely to be 

through a variety of processes. Efforts in public policy to reduce these cognitive differentials in 

mortality risk could include educational opportunities and parent-child interventions, 

particularly in early life (7). Some of the co-authors have also written a long piece for 

practitioners on the clinical relevance of this work (8). 

 

------------------------------------- 
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Committee Member 4 

1. Another editor felt this could be a much-discussed paper. Despite the limitations of possible 

changes in the character of IQ tests, she thought this has value as a large study with information 

for an entire population. 

 

Response: We are pleased to know that others appreciate the unique value of a near-entire-

population study and that this editor considers the paper would generate much interest. We can 

reassure this editor that there is no limitation regarding, “possible changes in the character of IQ 

tests”. In response to the concern regarding the changing character of IQ tests over time, we wish to 

highlight the following pieces of evidence. Firstly, in 1947 the SMS1947 tested over 1000 children on 

the Terman-Merrill revision of the Binet test and found a correlation of about 0.8 with the Moray 

House Test (MHT) (4). Secondly, when the MHT was given to participants of the SMS1947 in their 

70s, the age 11—70s correlation was about 0.7 (5). Thirdly, the correlation at age 79 between the 

MHT and Raven’s Progressive Matrices (one of the most widely-used non-verbal reasoning tests) is 

about 0.7 (6). Therefore, the test has high life-long stability of individual differences, and it has 

concurrent validity in childhood and older age. We have supplemented the section in the Methods 

that describes the Moray House Test no 12 with these points. 

 

 

------------------------------------- 

 

Committee Member 5 

1. Another editor said it was impressive that this study had such a long follow-up period, and the 

topic is interesting. She shared the concerns with others on the incomplete adjustment for 

confounding and the discrepancy in measuring IQ, and was thus on the fence. 

 

Response, part a: Thank you for your positive comments on the study. In response to the 

concern about incomplete adjustment for confounding, we have taken the following steps: (1) 

we adjust for school in sensitivity analysis of the full SMS1947; (2) we adjust for three childhood 

socioeconomic status indicators and two physical status indicators in sensitivity analyses of a 

representative subgroup of the birth cohort, on whom we have these data. Essentially, these 

additional analyses have not changed our main findings as presented in the original manuscript. 

However, we hope they are viewed as an improvement to the article. The following summarise 

the main changes resulting from these analyses: 

• In Statistical Analysis a new section has been added entitled ‘Confounder-adjustment: 

controlling for school’, which details the analytic methods for these sensitivity analyses. 

• In Results a new section has been added entitled ‘Sensitivity analyses: assessment of 

potential confounding’, and the first paragraph of this gives a summary of the Results 

• In the Strengths and Weaknesses section of the Discussion we have included the following 

two sentences: “In our own analysis of the whole SMS1947, adjusting for school led to little 

attenuation of the intelligence-mortality associations. However, because this is only a proxy 

for background socioeconomic status, and because it could lead to over-controlling because 

some schools select on cognitive ability, we undertook further sensitivity analyses”. 
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• In Supplementary Materials we have added two forest plots to show the HRs and 95% 

confidence intervals for major causes of death (figure 3) and deaths related to cancer 

subtypes (figure 4), in association with childhood intelligence while adjusting for school. 

• At the end of Methods we include a new section entitled “Confounder-adjustment: subgroup 

analyses”. 

• At the end of Results we have summarised the new findings in the second paragraph of the 

section ‘Sensitivity analyses: assessment of potential confounding. 

• In Supplementary Materials we have a new section detailing the methods of the subsample 

(‘The 30-Day Sample: A representative subsample of the Scottish Mental Survey 1947’)                                  

• Supplementary Table 4 displays the hazard ratios for specific causes of death in association 

with intelligence, in models adjusting for background socioeconomic status and physical 

status.       

 

Response, part b: We can reassure the editor that there is no discrepancy in the measuring of IQ 

in this study. Our reasons are as follows: Firstly, in 1947 the SMS1947 tested over 1000 children 

on the Terman-Merrill revision of the Binet test and found a correlation of about 0.8 with the 

Moray House Test (MHT) (4). Secondly, when the MHT was given to participants of the SMS1947 

in their 70s, the age 11—70s correlation was about 0.7 (5). Thirdly, the correlation at age 79 

between the MHT and Raven’s Progressive Matrices (one of the most widely-used non-verbal 

reasoning tests) is about 0.7 (6). Therefore, the test has high life-long stability of individual 

differences, and it has concurrent validity in childhood and older age. We have supplemented 

the section in the Methods that describes the Moray House Test no 12 with these points. 

------------------------------------- 

 

Committee Member 6 

1. Another editor felt this was an interesting study but the findings were not surprising. 

Response: The association between childhood intelligence scores and total mortality to older age 

was unknown prior to a publication in the BMJ in 2001, of the first prospective cohort study to 

report it (9). The present report advances the field in several important ways: it is unique to the 

field in its near-whole population (and therefore the results are generalizable); its follow-up 

period spans almost the entire life course; it covers a wide range of major causes of death to 

explore the issue of specificity. Whereas we acknowledge that some of the results do replicate 

those already published, none have the authority of such a definitive sample on several major 

causes of death in men and women. The strong effects seen indicate that measured intelligence 

may contribute to the future burden of disease and this is likely to be through a variety of 

processes.  

 

 

------------------------------------- 

Reviewer 1 
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1. This is an extremely important paper for several reasons.  First, it is based on a single cohort born 

in 1936 representing the population of Scotland.  Second, nearly all members of the cohort were 

given cognitive ability tests.  Third, individuals in this cohort have been successfully linked to 

death records when the cohort reached 79 years of age.   

 

Response: Thank you for your positive remarks about the unique features of this study.   

2. There had been some evidence that childhood cognitive ability was negatively related to some 

medical causes of death.  Results from the current study offer very strong evidence that 

childhood intelligence is negatively related to nearly all causes of death except for non-smoking 

related cancer deaths.  The data supporting this conclusion are extremely orderly and 

unambiguous:  cognitive ability is closely negatively related to most kinds of medical cause-

specific mortality.  That is, children with higher childhood intelligence are less likely to die from 

medical cause related deaths.  The question is why persons with lower cognitive ability should be 

more susceptible to death from medical causes (or at the very least, die earlier in life from these 

causes since a portion of the sample is still living).  There seem to be two answers to this 

question.  The first is that cognitive ability may be related to treatment seeking and/or following 

treatment regimens.    This will probably come as no surprise to most practicing physicians.  The 

real issue to be resolved is how this difference among people can be addressed.  It is at least part 

of the reason for disparities in health care even in countries that have universal health care. This 

issue does need to be addressed and could reduce existing disparities. 

 

Response: We think that this is the most comprehensive study of its kind that addresses the 

question of specificity in the association between premorbid intelligence and mortality, and we 

are grateful for this supportive summary of our findings. 

 

3. The second possible answer the authors suggest for differences in cognitive ability being related 

to differences in causes of death has been implicated by recent large scale genetic research 

studies.  It appears that there is a great deal of pleiotropy in the genetic architecture of complex 

biological systems.  That means that there are shared genetic causes among the many 

phenotypic characteristics that have been identified.  The genetic origins of many complex 

phenotypes may be intertwined with other seemingly unrelated phenotypic characteristics.   It 

probably should not be surprising that our somewhat arbitrary definition of phenotypes does not 

precisely correspond to underlying isolated functional system.  Untangling all of this may be a 

challenge. 

 

Response: None required.  

 

4. In summary, I find this clearly-written paper to be suitable for publication in its current form and 

can suggest no revisions.  It is an important paper and will be cited frequently. 

 

Response:  Thank you for this positive feedback.  

 

------------------------------------- 



14 | P a g e  

 

 

Reviewer 2 

 

1. The article makes a clear empirical contribution to the literature on pre-morbid intelligence and 

its association with disease risks over the life course. In this way, the article is important and 

original. It is well written, easy to read and has a good discussion of the results. On the other 

hand, it touches upon theory only in passing and does not directly test causal hypotheses, so it 

really cannot provide a basis for decisions or prevention efforts. Its message is explicitly limited to 

the statistical associations demonstrated. However, it provides an indirect test of hypothetical 

explanations (modifiable behaviors vs. body system) by adding details on smoking and non-

smoking related cancer mortality to the picture. Even more important, it includes women and 

shows that smoking-related causes of death generate a considerable IQ-mortality association in 

them too. 

 

Response: We appreciate the positive comments of this reviewer in relation to our paper. In 

response to the lack of theoretical advancement in the original manuscript, we are aware that 

the BMJ, as a medical journal, does not typically seek extensive discussion of theory. However, 

we have, we think, now addressed this concern. Certain co-authors have developed, in detail 

elsewhere, theoretical models for the association between pre-morbid intelligence and 

mortality, which we cite in the second paragraph of the Introduction. The field has come a long 

way since our 2010 article in Psychological Science in the Public Interest (8), and is now at the 

stage of testing hypotheses in the context of genetic studies and Mendelian Randomisation, 

which we now give more attention to in the Discussion. In light of reviewers’ comments, we also 

now directly test for mediation by smoking and adult socioeconomic status in a replication 

sample. These factors remain among the most compelling in explaining causal mechanisms of 

effect, and yet, they only partially explain the associations we observe in our analyses. Apart 

from the other responses we refer to, we have made the following changes: 

 

• We have given more prominence to the various theories in the second paragraph of the 

Introduction, with the addition of some key sentences; “Several hypotheses have been 

posited to explain associations between intelligence and later mortality risk (18). The 

suggested causal mechanisms put forward, where cognitive ability is the exposure and 

disease or death the outcome, include… Recent evidence of a genetic contribution to the 

association between general cognitive ability and longevity (19), however, might support a 

system integrity theory that posits a ‘latent trait of optimal bodily functioning’ proximally 

indicated by both cognitive test performance and disease biomarkers (20). None of these 

possibilities are mutually exclusive”. 

• In the second paragraph of the ‘Explanations and implications’ section in the Discussion, we 

have added: “Whether this is evidence for biological pleiotropy (thus supporting bodily 

system integrity theory), or, a causal pathway from genetic variant to disease outcome, 

mediated by cognitive ability and subsequent health-risk behaviours and/or occupational 

hazards, is the subject of ongoing work using Mendelian Randomisation methods (75).  There 

is the additional prospect of interaction between health-risk behaviours and genetic markers 

for disease, in explaining health differentials attributed to intelligence variation, and none of 

these possibilities are mutually exclusive”. 

• Several changes have been made throughout the manuscript to include the analysis of a 

replication sample; the main ones are as follows: 



15 | P a g e  

 

o At the end of Methods we include a new section entitled “Adjustment for adult 

socioeconomic status and smoking: a replication sample.” 

o At the end of Results we have summarised the new findings in a section entitled 

“Sensitivity analyses: assessment of mediation.”       

o In Supplementary Materials we have a new section detailing the methods of the 

replication sample (“The West of Scotland Twenty-07 study: A replication sample”)                                  

o Supplementary Figure 3 illustrates a comparison of effect sizes for intelligence in 

association with leading causes of death between those of the main sample and the 

replication sample           

o Supplementary Table 5 displays the hazard ratios for specific causes of death in 

association with intelligence, in models adjusting for adult smoking and 

socioeconomic status.       

 

 

2. The results and findings might be of interest to more than just researchers in the field: a 

complete birth cohort of women and men in Scotland have been followed with respect to deaths 

by cause from 11 to 79 years old approximately. In addition, the results point to a major impact 

of tobacco smoking behind the differences in disease risk and life expectancy between individuals 

with different intelligence-test scores in childhood. In a way, it shows that people’s guard against 

tobacco smoking, which today everyone knows damage health in the long term, seems lower at a 

lower level of intelligence and that this contributes to cause many premature deaths. As far as I 

can see, the authors have given an accurate description of the research literature. Recent review 

articles and a meta-analysis are cited (e.g. Deary et al 2010; Calvin et al 2011), as well as many 

of the individual research studies. This is not surprising, since authors of the present study are 

also collaborators in several of the earlier studies. 

Response: None required. 

 

3. A proportional hazards model assumes that the causes of death are independent; the risk of 

dying from one cause of death is unaffected by (the removal of) other causes. In practice, causes 

of death are competing and, therefore, “competing risks” makes identification of 

effects/associations complicated (Andersen et al 2012 Int J Epidemiol). Could some method to 

handle this problem be applied? See, for instance, Andersen, P. K. (2013, Statistics in Medicine). 

Would the conclusions be the same? 

 

Response: The reviewer rightly points out that there are complications in moving from analysis 

of all-cause mortality to cause specific mortality. For all-cause mortality, there is a one-to-one 

correspondence between the hazard and the survival (risk). For cause specific mortality there is 

no longer this one-to-one correspondence and consequently, within the competing risks 

framework, there are different modelling strategies for each which tend to focus either on 

cause-specific hazards or cumulative incidences. We have followed Andersen’s recommendation 

that “Cause-specific hazards may be more relevant when disease aetiology is of interest” (11). 

The cause-specific hazards can be estimated separately using Cox regression and censoring, at 

the point of death, deaths from causes other than the index cause. (Technically, the joint 

likelihood for the several causes factorizes into partial likelihoods for each specific cause) 

 

4. Page 8, row 1 (method section): Causes of death were coded according to the ICD, 9th and 10th 

edition codes? But the 9th revision covers 1979-1998, so what about the years before 1979? 
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Table S1 presents codes according to 8th revision too, which covers 1968-1978. Please clarify 

how deaths from 1947 (page 9, row 2) and onwards were coded according to the ICD revisions. 

Response: We originally coded deaths using ICD 6
th

 to 10
th

 revisions. Obviously the majority of 

deaths would have been coded in the later revisions, and so we listed 9
th

 and 10
th

 revisions only 

in the supplementary table. However, we have now included all codes from ICD-6 and beyond, 

and have corrected the text in Methods (“Causes of death were coded according to the 

International Classification of Diseases (ICD), 6th to 10th Edition codes (see Supplementary 

material: Table S1 for ICD codes).”) 

 

5. Page 16, row 56 to page 17, row 11: The authors discuss health-risk behaviors - particularly 

tobacco smoking - as one possible explanation for the association between childhood intelligence 

and mortality later in life. I think this is very important – perhaps even more important than the 

authors suggest. Partial rather than a complete explanations by health-risk behaviors in previous 

studies may not reflect reality, due to the fact that people’s actual health-risk behaviors over a 

lifetime, such as the amount of tobacco, alcohol and unhealthy diet consumed, are rarely 

measured in full. This has been shown for the association between socioeconomic position and 

mortality in the Whitehall II study (Stringhini et al JAMA 2010), in which repeated measurements 

of health-risk behaviors led to a substantially increased degree of explanation. This should be 

mentioned.  

 

Response: Thank you for this contribution. We have edited the first and second paragraphs in 

the ‘Explanations and implications…’ section of the Discussion, particularly in light of our new 

replication sample analysis, and included citation to this reference – thank you for providing it. 

The text now says: 

 

“It is likely that the influence of a health behaviour (or pattern of behaviours) in explaining 

associations between premorbid function and cause-specific mortality will be more precisely 

measured by future studies with repeat assessment across the life course, capturing 

cumulative risk. Indeed, follow-up of the Whitehall II study showed that four repeat measures 

of lifestyle behaviours accounted for far more of the social-mortality gradient than baseline 

measurement alone (72), albeit this difference was evident for specific behaviours  (especially 

physical activity), and not all (e.g., smoking).  Alcohol consumption may have accounted for 

some of the association we observed between premorbid intelligence and digestive-related 

mortality, and this could be similarly assessed. Alcohol-related deaths were associated with 

premorbid intelligence in a 37 year follow up of the 1969-1970 Swedish Conscripts cohort 

(73).  

 

We have removed potential interaction between health-risk behaviours and genetic markers 

from what was this paragraph, to the end of the next paragraph, and the new text reads: 

 

“There is the additional prospect of interaction between health-risk behaviours and genetic 

markers for disease, in explaining health differentials attributed to intelligence variation, and 

none of these possibilities are mutually exclusive.” 

 

6. Page 17, row 35-52: Genetic pleiotropy is highlighted as another possible explanation for the 

association between childhood intelligence and later-life mortality, for example due to CHD, 
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ischemic stroke, and Alzheimer's disease, and a recent study of twin populations is cited. 

However, can modifiable mediating factors (e.g. health-risk behaviors and occupational hazards) 

be excluded as the true explanation in such a study? I think this is questionable and therefore 

important to mention in the discussion. 

 

Response: We agree that modifiable mediating factors cannot be excluded from explanations of 

pleiotropy in cognition and health associations, and following your advice, we have added an 

additional few sentences of explanation in this section of the Discussion, as follows: 

 

“Whether this is evidence for biological pleiotropy (thus supporting bodily system integrity 

theory), or, a causal pathway from genetic variant to disease outcome, mediated by cognitive 

ability and subsequent health-risk behaviours and/or occupational hazards, is the subject of 

ongoing work using Mendelian Randomisation methods (75).  There is the additional prospect of 

interaction between health-risk behaviours and genetic markers for disease, in explaining health 

differentials attributed to intelligence variation, and none of these possibilities are mutually 

exclusive”.  

 

7. Page 12, row 36-40; page 13, row 42-47 (and also abstract): A “significant” interaction between 

IQ and gender on causes of death was found. First, how was that “effect” tested statistically? 

Second, can the size of this difference be given a short discussion? Is it great enough to be of 

importance for the interpretation of the intelligence-mortality association in general?  

 

Response, part a: Given evidence that sex modifies the relation of intelligence with mortality, 

we formally tested interaction effects in regression models with an interaction term, and we 

have now made this explicit in the Statistical Analysis section: 

 “With the suggestion that some intelligence–death associations are modified by gender, we 

formally tested for sex differences by including an interaction term (Sex X Intelligence Score) in 

models predicting cause of death. We then produced effect estimates separately for men and 

women.” 

 

Response, part b: Despite statistically significant interaction terms, in many cases we do not 

think that these differences are sizeable in terms of HR point estimates, and so we have not 

over-sold these differences in the manuscript. However, we have changed the relevant sentence 

in the Abstract (previously it was: “Among the study’s novel findings are evidence for stronger 

associations among women than men for smoking-related cancers, respiratory disease, and, 

dementia”) to reflect the similarity rather than difference between effects in men and women. It 

now is: “In sex-specific analyses the above inverse associations were observable in both men and 

women”. We have also changed the last bullet-point in ‘What this study adds’ (“Cause-specific 

mortality risk according to childhood intelligence is consistent in men and women …”). A 

sentence in the first paragraph of the Discussion has also been changed to: “In general, the 

effect sizes were similar for women and men (albeit marginally greater for women)…”.  

 

8. Statistically significant associations are called “significant effects” both in the abstract (Results) 

and in the discussion (e.g. page 13, row 42). This choice of words is usually discouraged, because 

association is not causation. I suggest that it is avoided, at least in the abstract. 

Response: This is a valid point, and we have made the following changes accordingly:  
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• In the Abstract we have changed “Other significant effects (all P<.001) included” to “Other 

notable associations (all P<.001) were observed for…” 

• “Suicide…. was non-significant in association with intelligence (0.87; 0.74 to 1.02). Non-

smoking-related cancer deaths were unrelated to childhood intelligence (0.96; 0.93 to 1.00)”, 

to: “Weak associations were apparent for suicide (0.87; 0.74 to 1.02) and non-smoking-

related cancer deaths (0.96; 0.93 to 1.00), and their confidence intervals included unity”.  

• We have removed “statistically significant” in first sentence of the Discussion.  

• In “Strengths and weaknesses of the study” we have changed: “And, we report for the first 

time on the significantly greater effects among women relative to men for several causes of 

death…. ”, to: “we report for the first time on greater effect sizes among women relative to 

men for several causes of death”. 

 

9. A weakness of the study is absence of covariate data from childhood (discussed on page 12-13). 

Previous studies show that covariates such as background socioeconomic status, perinatal 

factors and physical status indicators are unlikely to be confounding factors. However, 

personality characteristics and mental health are not discussed in this paragraph, and the reader 

might be left wondering. Even though the matter is touched upon later in the discussion (in 

relation to suicide), a few words here (page 12-13) would make an improvement. 

 

Response: Thank you for highlighting this area. We have now included mention of personality 

traits and mental health factors in this paragraph. The following text is the addition: 

 

“Other psychological factors that have been shown to correlate with intelligence test 

performance, including personality traits and mental health indicators, may yet partially explain 

these associations. However, in a previous paper on the 6-Day Sample of the SMS1947, we found 

that the personality trait of ‘dependability’ (rated in adolescence and similar to the widely-

studied trait called conscientiousness), which was also predictive of mortality, did not account for 

the intelligence association (47). In a different sample, the personality trait neuroticism was 

shown to moderate, but not attenuate, the intelligence-death association (48)” 

 

10. Reference no. 36 is from year 1998, not 2016. An extra proofreading of the references may be 

justified. 

Response: Thank you, we have now corrected this and again proof-read our reference list. 

 

------------------------------------- 

 

Reviewer 3 

 

1. This is an excellent contribution relevant to medical researchers, epidemiologists as well as 

health psychologists.  This clearly merits publication in BMJ.  Indeed, in terms of Thorndike’s 

(1949) classic nomenclature of criterion outcomes, immediate, intermediate, and ultimate, it’s 

clear that the authors are employing the latter, which makes their investigation particularly 

compelling. 
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Response: Thank you for this positive view of the study.  

 

2. The only suggestion I might have for their Discussion is to note the two possible causal streams 

likely responsible for their results.  Individual differences in intelligence likely affords an 

organismic integrity independent of SES (Lubinski, 1992, 111), but it also affords better problem 

solving and health care planning independent of SES privileges as well (Gottfredson, 2004; 

Lubinski, 2009).  Quite likely both causal influences are operating and function as determinants 

of the outcomes observed.  But this would be my personal recommendation for how this superb 

study could be enriched with a few lines in the Discussion.  The authors may have other 

preferences and, clearly, this piece is worthy of publication as is. 

REFERENCES 

Gottfredson, L. S. (2004). Intelligence: is it the epidemiologists' elusive" fundamental cause" of 

social class inequalities in health? Journal of Personality and Social Psychology, 86, 174-199. 

Lubinski, D. (2009).  Cognitive epidemiology: With emphasis on untangling cognitive ability and 

socioeconomic status. Intelligence, 37, 625-633.  

Lubinski, D., & Humphreys, L. G. (1992). Some bodily and medical correlates of mathematical 

giftedness and commensurate levels of socioeconomic status. Intelligence, 16, 99-115. 

Thorndike, R. L. (1949). Personnel selection: Test and measurement techniques. New York, NY: 

John Wiley & Sons. 

Response: Thank you. We consider David Lubinski a major contributor to the theoretical 

development of this field, and given comments from various reviewers to offer more of the 

theory of cognitive epidemiology, we are happy to include some of these references. We have 

done so in the Introduction (rather than the Discussion) in relation to the ‘unique contribution’ 

of the field, with the following: 

• “Whereas cognitive epidemiology (18) makes a unique contribution to better understanding 

health inequalities in populations, by its successful application of a well-validated 

behavioural trait that performs independently of social gradients in its association with 

health indices (21,22)…” [refs #21 and #22 refer to Lubinski’s papers]. 

 

------------------------------------- 

 

Reviewer 4 

 

1. This is a very interesting study, to date the largest on the association between childhood IQ and 

mortality from various causes, and a great contribution to this research area. The team has 

performed an impressive matching of participants to death records, and the visual presentation 

of the results is very nice. 
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Response: Thank you for these positive comments. 

 

2. In many epidemiological studies on suicide, events with uncertain intent/open verdict are also 

included since they are likely to be suicides, and not including them would underestimate the 

number of actual suicides (e. g. Gunnell, Hawton & Kapur, BMJ 2011). Also, the reluctance to 

label a death as suicide might vary between time periods, cultures etcetera, and possibly also 

with factors correlated with IQ. Therefore I would suggest that the authors include uncertain 

events in the IQ-suicide analysis, at least as an additional analysis. 

Response: We observed 219 deaths associated with suicide or an open verdict, compared to 141 

deaths where only suicide was stated as cause of death. The change in effect size with these 

additional deaths was minimal, albeit the confidence interval fell below 1, making this a 

conventionally statistically significant effect in the total sample (HR = 0.84, 95%CI = 0.74 to 0.95). 

We have made the following changes in light of these additional analyses:  

• We have included in Supplementary Table 1 the ICD codes for open verdict deaths 

• In Methods we include; “Given that suicide is the likely cause of death in the majority of 

death certificates that state ‘open verdict’ or ‘undetermined intent’ (37), we not only report 

on models to predict deaths formally recorded as suicide, but we add deaths of 

undetermined intent to models of suicide and report these in the text of the Results” 

• In Results we state: “When deaths of undetermined intent were included in the model for 

suicide, the confidence interval fell below 1 (0.84, 0.74 to 0.96, cases: n=220).” 

• In Results we include: “This sex difference was also evident in suicide models including open 

verdict deaths (men: 0.76; 0.65 to 0.88, and, women: 1.10; 0.86 to 1.41; sex interaction effect 

in the total sample: P=.013).” 

 

3. Some things are unclear in the Methods and Supplement about the data linkage and matching 

process. For example, it is confusing that the numbers stated in the text not always matches the 

flow chart in Figure 1; the sentences on page 33, lines 16-18, and page 34, lines 34-36, 

respectively, are difficult to put into context, while the sentence on page 32, lines 36-43 repeats 

what has already been stated; and census data is mentioned on page 8 but I cannot see anything 

about the source of this data, or when it was recorded. It I would recommend some editing to 

increase clarity in these sections. 

Response: Thank you for highlighting this lack of clarity. We have identified a few typographical 

errors and have made the following changes in response to each of your points: 

• In first paragraph of Results, we have corrected ’75,286 to ’75,252’, ‘3286’ to ‘3242’, and 

‘4734’ to ‘4744’. In Figure 1 we have corrected ’72,000’ to ’72,010’, and ’71,370’ to ’71,380’. 

These corrections now match the data in Results with the content of Figure 1.  

• We hope to have clarified the text on lines 16-18, page 33 of the original submission. Firstly, 

we have decided to provide paragraph headers to provide clarity to the two different 

matching procedures that were undertaken. Secondly, we have edited the sentence (“In 

attempting to match 2453 deaths there were 514 failed matches using the program, due 

largely to first name variants between the two files. Of these 315 were resolved manually, 

and the remainder excluded from analyses.”) to: “In attempting to match 2453 individuals’ 

death data with their childhood records, the program successfully matched 1939 individuals, 

whereas 514 failed, due largely to first name variants between the two files. Of the failed 

matches, 315 were resolved manually, leaving 199 non-matches that were excluded from 

analyses.” 
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• We hope to have clarified the information provided on page 34, lines 34-36 (of the original 

manuscript) by making some small edits to the text throughout this section. In doing this we 

have checked and corrected a few quoted figures. The section now reads: “Firstly, we 

accepted mismatches as correct matches if there was a difference of 9 days or less in the 

dates, or, .... Secondly, we conducted manual checks on samples of mismatches, and 

confirmed a match if at least one of the following criteria were met: ... This process of 

manual checking found correct matches for all mismatches where the different dates were 

exactly one month different, and, where day and month appeared in reverse to the other, 

and so we accepted these as true matches”.  

• We have guessed that ‘page 32, lines 36-43’ actually refers to page 34, and we have deleted 

the following sentence that is repetition of earlier text: “This led us to include 1856 (60%) 

participants’ data with mismatches on date of birth in the analyses, and exclude 1258 cases 

(449 of these failed on other inclusion criteria, and therefore we only lost 809 cases due to 

mismatched dates of birth alone)”. 

• You are correct that we mentioned ‘census date’ before giving its definition in the next 

paragraph. Therefore, in the first paragraph of ‘Statistical analysis’ we add “census date (i.e. 

a final GP posting date for those who emigrated or joined the Armed Forces) …”, and, where 

we give the definition we have been more explicit: “the time scale was calendar time (days) 

from the date of the intelligence test (4th June 1947) to the census date, which was the 

earliest of…” 

 

4. If the word limit allows, it would be nice to see an elaboration on page 17 of how adjusting for 

educational attainment or occupational status indicators would be an over-adjustment, even if 

genes would influence this pathway, if the intention is to investigate possible 

pathways/mediating effects. 

 

Response:  Thank you for this suggestion. The original sentence relating to it (“Educational 

attainment or occupational status indicators in adulthood show stronger mediating effects (1), 

yet this may be an over-adjustment given the significant phenotypic and genetic correlation 

between educational attainment and intelligence (67), and the partially genetic association 

between education and disease (68)”), has been changed to: 

 

“Educational attainment or occupational status indicators in adulthood have generally shown 

stronger attenuating effects (1). Whereas education is likely to fall on the causal pathway, after 

intelligence and before death, given evidence that intelligence differences strongly predict later 

national school examination outcomes (70), education may alternatively be a proxy indicator of 

intelligence, and yet have no direct causal association with longer life. There is an ongoing 

discussion about possible over-adjustment by education in cognitive epidemiology (71)”. 

 

5. Reference 16 on page 1 should be moved to “suicide”. 

 

Response: Thank you for picking up on this error. It has now been corrected, although this does 

not show up with tracked changes.  

 

6. The sentence on page 16, lines 42-49 seems self-contradictory and needs perhaps to be clarified. 

 

Response: Thank you for noticing this. We have now clarified the sentence (originally: “Although 

our findings are the first to report on the association between premorbid intelligence and death 

by suicide in women only, they are consistent with a previous report on sex differentials for 

incident suicide risk in association with premorbid intelligence in a 40 year follow-up study...”) 

This has now been changed to: 
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• “However our findings are very similar to the only previous study we are aware of to report 

on sex differentials for incident suicide risk in association with premorbid intelligence in a 40 

year follow-up study…” 

 

------------------------------------- 

 

Reviewer 5 

 

1. Thank you for a well written paper. As stated by the authors, the association between 

intelligence and mortality is previously established in the scientific literature, but there’s a lack of 

knowledge regarding specific causes of death, the association for both sexes and, also, 

knowledge about how the association could be explained. 

 

Response: Thank you for the positive statement. 

 

2. The introduction gives a clear overview of the research area, with relevant references. However, I 

do not find a stated aim of the study. I would suggest that the authors would add that to the 

background, even though it is just a matter of wording, it makes it easier for the reader. Further, 

I would also think that the rationale for the study could be elaborated a little bit more. It is now 

written that cognitive epidemiology makes a “unique contribution” to understand health 

inequalities, but maybe for the reader, it is not clear how. 

Response, part a: We have replaced the final sentence of the Introduction with explicit aims of 

the study. The new text reads: 

“The present study aims to investigate the magnitude of association between childhood 

intelligence and all major causes of death, using a whole year-of-birth population followed up to 

older age, therefore capturing sufficient numbers of cases for each outcome. Secondly, it aims to 

investigate sex differences in the associations. Thirdly, it conducts sensitivity analyses to test for 

some possible mechanisms of association, including confounding and mediation by 

socioeconomic status.”     

Response, part b: We have now given reason for saying why the field makes a unique 

contribution, as follows: 

“Whereas cognitive epidemiology (18) makes a unique contribution to better understanding 

health inequalities in populations, by its successful application of a well-validated behavioural 

trait that performs independently of social gradients in its association with health indices (21,22), 

there remains…” 

 

3. In the methods section, the study design could be mentioned (prospective cohort study, as stated 

in the abstract). Maybe change the title “Background” to “Study population and Data Sources”, 

to make it easier for the reader (together with inclusion and exclusion criteria)?  The exposure is 
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clearly defined.  Is anything known regarding the quality of the reported causes of death? Using 

Cox proportional hazard model is adequate. Further, I do not think it is clear in the section 

describing the statistical analysis, how you dealt with the role of gender in the association – 

interaction term/stratified analysis?  

Response: In response to these helpful suggestions we have made the following changes: 

• The Background section in Methods now begins with the following: “In this 

prospective cohort study all individuals born in Scotland in 1936…” 

• We have changed ‘Background’ to an alternative title as recommended (“Study 

population and data sources”). The study sample was entirely inclusive of the 1936 

Scotland birth cohort, which we feel is implicit in the opening line (“In this 

prospective cohort study all individuals born in Scotland in 1936…”). The only 

exclusion criteria were missing data, and we think that this information is 

appropriately placed at the beginning of the Statistical Analysis section. 

• In response to the question ‘is anything known regarding the quality of reported 

causes of death’ we have made the following addition to the Discussion: 

 

“Another factor affecting validity of findings is historical inaccuracy of death 

certificates. Particular causes of death, which may be underreported by 

coroners include dementia (49), stroke (50) and suicide (37). Therefore, we 

judge that the greater chance of false negatives relative to false positives in 

the present study would act, if at all, to slightly attenuate the observed effect 

sizes. Indeed, in further analyses, including ‘open verdict’ deaths in the 

suicide model increased the hazard ratio and narrowed its confidence 

intervals”.     

 

• In response to the question about how we dealt with the role of gender, we have 

given clarity to the sex-interaction models we conducted in the total sample, in the 

Statistical Analysis section; “With the suggestion that some intelligence–death 

associations are modified by gender, we formally tested for sex differences by 

including an interaction term (Sex X Intelligence Score) in repeat models predicting 

cause of death within the total sample, and, we presented effect estimates 

separately for men and women.” We have also included earlier in this section that 

sex is entered into models as a dummy variable, i.e. “sex (dummy variable)…” 

 

4. The results are well presented. 

 

Response: Thank you for this positive comment.  

 

5. I agree with the argument that the lack of adjustment for possible confounders in childhood, 

although they would have been nice to have, probably would not have changed the results that 

much.  The discrepancies in findings in comparison with other studies are explained in a 

satisfactory manner. You touch upon the subject regarding generalizability (country/time 

period), but maybe this could be a bit more extended.  

 

Response: In an additional few sentences in the Discussion under ‘Explanations and implications’ 

we (end of first paragraph) we give further attention to our findings for respiratory disease, and 

here we refer to the country/time period as a potential influence on this result, i.e. more 

industrial jobs with greater occupational hazards than compared to younger birth cohorts. The 

new section reads: 
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“Childhood intelligence test performance was most strongly associated with respiratory disease 

deaths. This might be attributable to a combination of smoking prevalence and occupational-

related exposures. For many in this birth cohort, those in the working classes spent their early 

careers in mining and shipbuilding industries (men) or as cleaners and factory workers (women). 

Therefore, it is possible that, with the decline of smoking rates and toxic exposures in the 

workplace, the magnitude of IQ-death associations may be lower in more recent birth cohorts. 

Nevertheless, when we adjusted for background social class in our subgroup analyses, and, 

controlled for smoking and adult occupational status in our replication study, the risk of 

respiratory-disease deaths in relation to intelligence scores was only partially attenuated”. 

 

------------------------------------- 

 

Reviewer 6 

 

1. Thank you for the opportunity to review this article from a statistical perspective. I found the 

article quite fascinating in terms of the topic area and the large dataset / follow-up available; 

however, at the end I was left wondering what it really all means, due to the limited confounders 

that are adjusted for and that, over time, many things can change for individuals regardless of 

their childhood intelligence. Also I was not overly convinced by the analysis, mainly because of 

the limited confounders, but also the wealth of results presented somewhat dilutes the main 

findings. My comments for improvement are given below, and I hope these help the authors 

enhance their hard work going forward. 

 

Response: We refer to our response to the first comment by this reviewer, in his feedback as 

manuscript Committee Member 1. We have now addressed the concern of limited confounders 

by the additional analyses of a representative sub-sample that had detailed background data 

collected on them in childhood. Furthermore, we have addressed the matter of the intermediary 

period of life for our sample members, by analysing a similar replication sample on whom we 

have smoking and socioeconomic status data. We also think that our main and secondary 

hypotheses are now made clearer in the last paragraph of the Introduction, and as a 

consequence, the ‘wealth of results’ follow more coherently. 

 

2. The authors say:  “Exclusion based upon missing data were predominantly due to missing 

intelligence test scores, which affected 4734, or 6.3% of the total 1936 Scotland birth cohort, 

which has previously been reported (25,31).” – this is quite a large number, and I would have 

rather expected multiple imputation to have been considered, and included at least as a 

sensitivity analysis. Also, ‘predominately’ is vague, but implies there were also missing 

confounder values. These should also be imputed.  

 

Response: Firstly, please note that we have corrected our proportion of missingness to be 6.8% 

of the total 1936 cohort (n=5103). We refer to our response to the second comment by this 

reviewer, in his feedback as manuscript Committee Member 1; briefly, we tested and refuted 

the possibility that the missing 6.8% [corrected from 6.3%] affected the intelligence-death 

associations in a representative subsample, all of whom had another valid cognitive test. The 

penultimate sentence in above text however is not duplication, and we have adapted the text in 
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Statistical Analysis as per below. We stated in the first sentence of this paragraph that sample 

membership depended on “no missing cognitive data, census date, and cause of death data”, 

and these are the sole exclusions. We hope that by the removal of ‘predominantly’ we no longer 

imply missing confounder values, which there were none for the main models. 

 

• “Exclusions based upon missing data were predominantly due to missing intelligence test 

scores, which affected 4734, or 6.3% of the total 1936 Scotland birth cohort…” has been 

changed to: “Exclusions due to missing intelligence test scores affected 6.8% (5103) of the 

total 1936 Scotland birth cohort…” 

 

3. 3657 with a missing cause of death were excluded (Figure 1). But isn’t this again losing valuable 

information follow-up information up to the actual date of death? Indeed, Figure 3 reports the 

HR for all causes of death … and thus there is a worry of a selective sample here, and multiple 

imputation methods would appear to be necessary to address this. 

 

Response: We refer to our response to comment #3 from Committee Member 1 (duplicate 

comment). We have now included those with missing cause of death data in the models. 

 

4. In relation to point 1, how were missing confounder values handled? 

 

Response: There were no missing confounder values for the main analytic models (e.g. age at 

intelligence testing, sex, and school). We now state this in Statistical analysis (2
nd

 paragraph, 2
nd

 

sentence).   

 

5. It is disappointing to that only two adjustment factors (just age and sex) were used. If the study is 

looking at implying causality, i.e. that modifying intelligence will lead to longer survival times, 

then we really need more confounders than that. If this was designed prospectively we would be 

expecting adjustment for smoking status of parents, socio-economic information, etc.  If the 

authors are merely showing an association between intelligence and death, then we need to be 

careful at the BMJ as to how this will be interpreted (i.e. as causal) in press headlines etc, when 

this was not the intention of the study. It may raise an interesting debate, but how much more 

does it tell us than we already knew? 

Response: We have taken significant steps to address the potential role of confounding by 

socioeconomic and physical status in our analyses, and, to consider mediation by smoking and 

adult socioeconomic status: (1) we adjust for school in sensitivity analyses of the full SMS1947; 

(2) we adjust for three childhood socioeconomic status indicators and two physical status 

indicators in sensitivity analyses of a subgroup of the birth cohort, on whom we have these data; 

(3) we adjust for adult socioeconomic status and smoking in a replication sample to assess 

potential mediation. (We provide details of these changes in other responses to this particular 

reviewer). The association between childhood intelligence scores and total mortality to older 

age was unknown prior to the publication of a prospective cohort study in the BMJ in 2001, by 

Lawrence Whalley and Ian Deary (9), and at the time, the press coverage was positive. The 

present report advances the field in several important ways: it is unique to the field in its near-

whole population (and therefore the results are generalizable); its follow-up period spans the 

entire life course; it covers a wide range of major causes of death to explore the issue of 

specificity; it considers the shape of these associations; it includes as many women as men, 

when the majority of previous studies have reported on men only. The strong effects seen 

indicate that measured intelligence may contribute to the future burden of disease and this is 

likely to be through a variety of processes. No previous study has had the authority of such a 
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definitive sample on several major causes of death in association with childhood intelligence, to 

report these important findings. 

6. How was censoring defined? E.g. in an analysis of cancer deaths, what would happen if a patient 

had a CVD death? 

 

Response: We refer to our response to comment #5 from Committee Member 1 (duplicate 

comment). 

 

7. I am not happy about the many analyses being given, and then the further evaluation of 

interactions with sex. The lack of primary and secondary objectives dilutes the results found. 

Further, the interactions examined are not consistent across all diseases, and I am not sure 

where that leaves us, apart from potential chance findings. e.g. Abstract says: “Among the 

study’s novel findings are evidence for stronger associations among women than men for 

smoking-related cancers, respiratory disease, and, dementia.” – I would give some results, or 

remove this. How strong is this evidence? 

 

Response: We refer to our response to comment #6 from Committee Member 1 (duplicate 

comment). 

 

8. Also, “One exception was for deaths by intentional self-harm, which were associated with 

childhood intelligence in men (0.80; 0.66 to 0.96) but not women (1.15; 0.82 to 1.60), although 

the sex interaction effect in a model for the total sample failed to reach statistical significance (P 

= 0.06) likely due to low case numbers among women.” – this is inappropriate and over-reaching 

the findings. Essentially, this is saying this difference between mean and women really is genuine, 

and it was only because of the low numbers that we had p= 0.06. Given the large number of 

analyses, it is perhaps more likely to be due to chance? 

 

Response: We refer to our response to comment #7 from Committee Member 1 (duplicate 

comment). 

 

9. “Non-smoking-related cancer deaths were unrelated to childhood intelligence (0.96; 0.93 to 

1.00).” – the language needs to change here as the CI is nearly all below 1: perhaps just say that 

any association with increasing non-smoking related cancer deaths is likely to be small? (due to 

the narrow CI) 

 

Response: We refer to our response to comment #8 from Committee Member 1 (duplicate 

comment). 

 

10. So much happens over time, that this again dilutes the meaning of observed associations 

between childhood intelligence and death rates. E.g. Those with low intelligence are perhaps 

more likely to smoke heavily in adult life (or less likely to have quit smoking during life course) 

and thus it is smoking that is the cause due to social environment and expectations, rather not 

intelligence. In other words, targeting improved intelligence would not help improve survival, but 

rather smoking prevention is needed.  

 

Response: We have now been able partly to address this concern with our inclusion of a 

replication sample, which has data on smoking and adult socioeconomic status, with which to 

test for their mediating effects in the intelligence-mortality gradient. Our results show that 
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adjustment for smoking led to 10 to 50% attenuation of the effect sizes in this population 

sample, and this is consistent with the few previous studies to test for smoking as a mediator.  

The current evidence, therefore, does not point to smoking as the single or major explanatory 

factor in the majority of intelligence-death associations. Rather the accumulative evidence 

within this field suggests a multitude of ways in which a psychological trait such as intelligence 

plays out across the life course to affect people’s health decisions and eventual health 

outcomes. Understanding the processes caused by individual differences in intelligence is 

ultimately important for improving survival. The following changes to the manuscript have been 

made in light of the aforementioned replication sample: 

 

• The following sentence added to Results in Abstract: “In a replication sample from Scotland, 

of a similar birth-year cohort and follow-up period, smoking and adult socioeconomic status 

partially attenuated (16 to 58%) the associations”.              

• A third aim of the study is included at the end of Introduction: “Thirdly, it conducts sensitivity 

analyses to test for some possible mechanisms of association, including confounding and 

mediation by socioeconomic status.”       

• At the end of Methods we include a new paragraph entitled “Adjustment for adult 

socioeconomic status and smoking: a replication sample.” 

• At the end of Results we have summarised our findings of the replication sample study 

under “Sensitivity analyses: assessment of mediation.”       

• In the first paragraph of the Discussion, the results are summarised as follows: “A replication 

study with adult data on smoking and socioeconomic status showed only partial mediation of 

the equivalent effect estimates for intelligence test performance in association with cause-

specific mortality.” 

• In ‘Explanation and implications’ of the Discussion we allude to the findings in relation to 

respiratory disease-deaths: “Childhood intelligence test performance was most strongly 

associated with respiratory disease deaths. This might be attributable to a combination of 

smoking prevalence and occupational-related exposures. For many in this birth cohort, those 

in the working classes spent their early careers in mining and shipbuilding industries (men) or 

as cleaners and factory workers (women). Therefore, it is possible that, with the decline of 

smoking rates and toxic exposures in the workplace, the magnitude of IQ-death associations 

may be lower in more recent birth cohorts. Nevertheless, when we adjusted for background 

social class in our subgroup analyses, and, controlled for smoking and adult occupational 

status in our replication study, the risk of respiratory-disease deaths in relation to intelligence 

scores was only partially attenuated”. 

• In the final paragraph of the Discussion we add: “Although we report that smoking and 

socioeconomic status are unlikely to fully mediate the observed associations, future studies 

would benefit from measures of the cumulative load of such risk factors over the life course”. 

• In Supplementary Materials we have a new section detailing the methods of the replication 

sample (“The West of Scotland Twenty-07 study: A replication sample”)                                  

• Supplementary Figure 3 illustrates a comparison of effect sizes for intelligence in association 

with leading causes of death between those of the main sample and the replication sample           

• Supplementary Table 5 displays the hazard ratios for specific causes of death in association 

with intelligence, in models adjusting for adult smoking and socioeconomic status.                                                                                         

 

11. Is the measurement of childhood intelligence relevant to us today? Does it correlate well with, I 

assume, better and more recognised intelligence tools we use nowadays? 

Response: There are several reasons why we are very confident in the reliability and validity of 

the intelligence test used in the present study. The Moray House Test stands up extremely well 

to the psychometric performance of more contemporary intelligence tests. Firstly, in 1947 the 
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SMS1947 tested over 1000 children on the Terman-Merrill revision of the Binet test and found a 

correlation of about 0.8 with the Moray House Test (MHT) (4). Secondly, when the MHT was 

given to participants of the SMS1947  in their 70s, the age 11—70s correlation was about 0.7 (5). 

Thirdly, the correlation at age 79 between the MHT and Raven’s Progressive Matrices (one of 

the most widely-used non-verbal reasoning tests) is about 0.7 (6). Therefore, the test has high 

life-long stability of individual differences, and it has concurrent validity in childhood and older 

age. We have now provided more information on the psychometric properties of the Moray 

House Test no 12 in the Methods section. In the sentence beginning “The Moray House Test No. 

12 had good concurrent validity…” we have added the following: 

“… with performance on Raven’s Progressive Matrices — a widely-used non-verbal ability test—

(correlation coefficient ~=0.7) in a recent follow-up study (32). The test has high life-long stability 

of individual differences (33,34), and there is good evidence for its external validity across several 

studies (28,35,36).” 

12. The authors adjusted for age, but were not all people born in 1936? Thus age should be the same 

essentially, in years? Did they adjust for age in days then? Also, why is an age of 10/11 an 

appropriate age to do this test? Could intelligence not change dramatically in the next 3-4 years? 

I am just trying to ascertain again the relevance of the findings for today’s audience. 

Response: We adjusted for age in days, and have now made this explicit in the Statistical 

analysis section. This was an appropriate covariate given that it held positive associations with 

the Moray House Test score (r=0.15, p <.001) and risk of death in our sample. In response to the 

question regarding whether intelligence could change dramatically in the next 3-4 years, the 

answers is, no. We refer to our response to the previous comment, but to reiterate the main 

point here, we have observed high life-long stability if individual differences in general 

intelligence. That is, when participants of the Scottish Mental Survey 1947  retook the MHT test 

in their 70s, their age 11 and age 70 performance scores were highly correlated (r=.7).  

13. The proportional hazards assumption was investigated using log-minus-log plots and visually. A 

more formal, statistical approach would be to include interactions with time in the modelling, to 

ascertain if there was statistical evidence of non-proportional hazards. 

 

Response: We have now conducted formal testing of the proportional hazards assumptions 

using the Schoenfeld residuals test in STATA. The assumption has held for intelligence in relation 

to all major causes of death, with the exception of accidental deaths. Therefore, we have edited 

the sentence in Statistical Analysis that refers to inspection of log-minus-log plots, with the 

addition of this test: 

 

• “The proportional hazards assumption was assessed by inspection of log-minus-log plots and 

formally tested in Stata 14 using the Schoenfeld residuals test. The assumption was held for 

associations between intelligence and all major causes of death according to both methods, 

with the exception of cancer-related deaths using log-minus-log plots and accidental death 

under formal testing (p=.03)”. 

 

14. Why is the actual school not adjusted for in the analysis? There is clustering of patients by school, 

and this may be linked to different socio-economic areas etc. If this information was not 

available, then why was it missing? 

Response: The historic data included the school each child attended at the time of the Scottish 

Mental Survey 1947, which we have now allocated a unique ID number to. We excluded this 
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potential covariate in our analyses, as we felt that this might also adjust for some intelligence 

differences in the population, if those selected into grammar schools were less likely to take part 

in the study. However, due to several reviewer comments, we have conducted sensitivity 

analyses by repeating our main models while adjusting for school, and we have observed only 

little attenuation of the effect sizes. We have specified changes to the manuscript following 

comment #4 of this reviewer in his section of the manuscript committee.  

15. “With the suggestion that some intelligence–death associations were modified by gender, we 

presented effect estimates separately for men and women.” – the authors should also mention 

how they estimated the difference between men and women (interaction), as this is more 

meaningful. 

Response: This has been a common response among reviewers, and we have clarified our formal 

testing of sex interaction effects by adding to that particular sentence the following: “…, we 

formally tested for sex differences by including an interaction term (Sex X Intelligence Score) in 

repeat models predicting cause of death”.  

 

16. “The pattern of association between childhood intelligence and malignant skin cancer suggests a 

somewhat higher risk related to higher ability, but it is inconclusive in this cohort given the 

relatively low numbers of events” – another example of over-reaching the findings. 

Response: We have removed this sentence altogether, and have included skin cancer among the 

list of cancers in the previous sentence that show negligible and irregular associations with 

childhood intelligence. 

 

17. Lastly, bar charts are used inappropriately. The bar itself is meaningless. All that is relevant is the 

top of the bar, which gives the HR estimate, and the CI.  

Response: Thank you for this observation. We have reproduced Figures 2 and 4 as graphs with 

the HR estimate and 95% CI, but without the bar, to retain only that which is meaningful of the 

data, and we have edited the text in the Statistical analysis section (“In order to visually inspect 

associations for linearity, hazard ratios and their 95% confidence intervals were graphically 

plotted to show the risk of each event…”).  

 

18. In summary, I do recognise that this article has a very long follow-up and will generate 

interesting debate, and the hard work of the authors in getting to this point. The authors also 

nicely discuss the implications and limitations due to lack of confounders, and how this may (or 

may not) be an issue, which is good to see. But I do think ultimately we are interested in the topic 

due to inferred causality with intelligence, and that will be the headline. That being the case, 

given the lack of detailed adjustment for confounding, it is difficult to ascertain how meaningful 

the findings actually are. What research should come next to take this forward? I don’t see this 

discussed, even in the ‘implications for further research’ section. Further, more detailed thought 

about the missing data and other statistical issues would seem reasonable, as mentioned. I hope 

these comments are constructive for the authors going forward.  
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Response: Thank you for recognising the potential contribution of this paper, and for 

highlighting your concerns. We hope we have addressed your main issues with the paper in our 

responses to your previous comments. We think the paper is much stronger now with our 

sensitivity analyses of a representative subsample of the cohort, where we have been able to 

adjust for potential confounding, and our mediation analyses, by using a replication sample that 

we feel is well-matched to the demographic and age at follow-up of the Scottish Mental Survey 

1947. We have taken one approach to assessing potential bias caused by missing cognitive data, 

which we trust will be considered valid. Furthermore, and in response to various other 

reviewers’ comments, we have enhanced the ‘implications’ section of the Discussion (see below 

for details). However, whereas we, and others, are engaged in much research looking at the 

causal mechanisms of the intelligence-death association, this work as yet lacks what we have 

been able to do in the present study; that is, no previous study provides a definitive near-whole 

population estimate of the size and shape of association (across the sexes) between childhood 

intelligence and most of the major causes of death up to age 79. 

• “It is likely that the influence of a health behaviour (or pattern of behaviours) in explaining 

associations between premorbid function and cause-specific mortality will be more precisely 

measured by future studies with repeat assessment across the life course, capturing 

cumulative risk. Indeed, follow-up of the Whitehall II study showed that four repeat measures 

of lifestyle behaviours accounted for far more of the social-mortality gradient than baseline 

measurement alone (72), albeit this difference was evident for specific behaviours  (especially 

physical activity), and not all (e.g., smoking)”. 

• “Whether this is evidence for biological pleiotropy (thus supporting bodily system integrity 

theory), or, a causal pathway from genetic variant to disease outcome, mediated by 

cognitive ability and subsequent health-risk behaviours and/or occupational hazards, is the 

subject of ongoing work using Mendelian Randomisation methods (75).  There is the 

additional prospect of interaction between health-risk behaviours and genetic markers for 

disease, in explaining health differentials attributed to intelligence variation, and none of 

these possibilities are mutually exclusive.” 

 

References 

 

1.  Redelings MD, Sorvillo F, Simon P. A comparison of underlying cause and multiple causes of 

death: US vital statistics, 2000-2001. Epidemiology [Internet]. 2006;17(1):100–3. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/16357601 

2.  Dundas R, Leyland AH, Macintyre S, Leon DA. Does the primary school attended influence 

self-reported health or its risk factors in later life? Aberdeen children of the 1950s Study. Int J 

Epidemiol. 2006;35(2):458–65.  

3.  Calvin CM, Deary IJ, Fenton C, Roberts BA, Der G, Leckenby N, et al. Intelligence in youth and 

all-cause-mortality: Systematic review with meta-analysis. Int J Epidemiol. 2011;40(3):626–

44.  

4.  Maxwell JN. The level and trend of national intelligence: The contribution of the Scottish 

Mental Surveys. London: University of London Press; 1961.  

5.  Deary IJ, Whalley LJ, Lemmon H, Crawford JR, Starr JM. The stability of individual differences 

in mental ability from childhood to old age: Follow-up of the 1932 Scottish mental survey. 

Intelligence. 2000;28(1):49–55.  



31 | P a g e  

 

6.  Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC. The impact of childhood intelligence on 

later life: Following up the Scottish Mental Surveys of 1932 and 1947. J Pers Soc Psychol. 

2004;86(1):130–47.  

7.  Campbell F, Conti G, Heckman JJ, Moon SH, Pinto R, Pungello E, et al. Early childhood 

investments substantially boost adult health. Science. 2014;343(6178):1478–85.  

8.  Deary IJ, Weiss  a., Batty GD. Intelligence and Personality as Predictors of Illness and Death: 

How Researchers in Differential Psychology and Chronic Disease Epidemiology Are 

Collaborating to Understand and Address Health Inequalities. Psychol Sci Public Interes. 

2010;11(2):53–79.  

9.  Whalley LJ, Deary IJ. Longitudinal cohort study of childhood IQ and survival up to age 76. BMJ. 

2001;322(7290):819.  

10.  Hagenaars SP, Gale CR, Deary IJ, Harris SE. Cognitive ability and physical health: a Mendelian 

randomization study. Submiss.  

11.  Andersen PK, Geskus RB, De witte T, Putter H. Competing risks in epidemiology: Possibilities 

and pitfalls. Int J Epidemiol. 2012;41(3):861–70.  

 


